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Lic;wentecl bacteria lw. ve boen of
microbiolot_:;ist lor scv,;rul yuu1·s.
in sewage have been

l~nmvn

investiGations have

b~en

Lo

v~in

j_J~t>.;;re:_t

to L.;he

'1'h8 "i:___;:LeLcteu ore;anisms
JYr:ecioii;inance, but no
~he

made to determine whe-ther

_::Jit:_;rnent assists the organism in gaining L_)reclominance.
During this study a number of bacteria wh:tch

L

reduced a

water soluble pie;ment were isola-ted from sew0.c;e.
bacteria were grown in shaken flasks usinc;
Glucose extract broth as a medium.
bacteria in

~ure

'l'hese

try~tone

~he

Growth studies of

and mixed culture were performed to

determine if the 1_)igment could at·_rect another bacteria's
crowth.

Studies were also

~erformed

using the medium

supernatant and filtrate f'ollowing the growth of one
species as a medium

sup~lement

for growth of another

species of bacteria.
Growth rates were measured directlQ

b~

culony counts

and inuirectly by optical density at )40 rnp.

Substrate

concentration was determined by the COD test and by the
total orgainic carbon test usinc; a carbonaceous analyzer.
Tryptone glucose extract asar was used for colony
enumeration.
It was found that the pic;rnented organisms used in
this study increased the pH of the mixed liquor from
to

7.0

7-7-8.0 and that the pigment in small quantities may

tend to stimulate growth whereas larger quantities may
become inhibitory to the organisms studied.
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I.

INTRODUC'riON

'l'he treatment o.f waste waters is primarily an "art"
even though n:uch research has been and is beint:; done.
Laboratory research along with new or improved testing
procedures are helping operators and engineers understand
what happens during the treatment process.

From this

understanding and information the treatment processes
can be designed .for more efficient operation.

However,

in this investigation on biological waste treatment the
chemical aspects are usually emphasized while the
microbial aspects are ignored or are called biological
solids with no other explanation (1).
The microorganisms which constitute the biological
solids in waste treatment are a heterogeneous population.
It is known that a change o.f substrate, pH, temperature,
the addition o.f toxic materials or other stresses placed
on the microbial system can favor one organism over
another.

Since microbial populations can survive over

a fairly wide range of environmental factors, these
stresses may suppress the growth of one species while
benefiting another.

However, this is only one type of

mechanism whereby one organism can predominate over
another.
These phenomenon of predomination and microbial
interaction will have to be better understood before
more efficient biological waste treatment facilities
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can be designed.

The continued research into microbial

aspects of waste treatment will aid in the development
of more rational design techniques.

This study was

undertaken in an attempt to gain a better insight into
the phenomena of predomination by examination of the
water soluble pigment produced by some bacteria.

It has

been noted in previous investigations that a color change
in a waste treatment unit can be used as an indicator
of a predominance shift (2).

However, studies on whether

the color change causes the predominance shift have not
been performed.

This thesis is written in support of

the supposition that the pigment produced by bacteria
can assist them in gaining predominance in a heterogeneous population such as found in sewage.
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II.

LITERA~UH~

REVIEW

The literature dealing with pigmented organisms and
their importance in sewage treatment is very meager.

This

chapter will be divided into two major divisions (A)
Pigment Production by Bacteria and (B)

~igmented

Bacteria

in Sewage Treatment.
A.

PIGMENT PRODUCTION BY BACTERIA
The pigmented bacteria and the variance in pigment

color has long been of interest to microbiologists.

In

the mid 1930's, Kharasch et al. (3) studied seven bacteria
using nutrient agar with supplemental concentrations of
catalysts (Mn++, cu++, Fe++), liver extracts and glucose
and found differences in the bacterial pigments and growth
rates.

Also, by substituting different aldehyde or ketone

groups for glucose in the media the growth and pigment
production of the bacteria was affected.
marcescens was one bacteria studied.

Serratia

By replacing glucose

with another aldehyde or ketonic group and acclimating
the bacteria by 3 to 5 transfers the deepest color was
obtained.

This pigment varied from a yellow-orange to a

purple-blue.
Cohen and Nickolai (4) in studies of the diphtheroid
of erythrasma noted that pigment production on chocolateagar, sheep blood-agar, or yeast extract-casein-agar was
not consistent, however, a special preparation of a
tissue culture medium and fetal bovine serum yielded a

4

uniform pigment.

This study indicated that the same strain

of bacteria could produce different shades of pigment on
the same media.

Wasserman (5) in a study of water-soluble

fluorescent pigments produced by four species of
Pseudomonas noted that the color could be changed by
varying the pH.

He concluded that the medium composition,

aeration, and possibly other factors can cause some species
of Pseudomonas to produce their pigment irratically.
From studies such as these it is established that
pigment production is a function of the bacterial environment and substrate.

However, the purpose of the pigment

was not established.
Castro et al. (6) extracted pigment from Serratia
marcescens with solvents and determined that it was an
acid derivative.

Brown and Clark (7) extracted and

purified pigment from Nocardia corallina and determined
it was basic with a pH of 9.5-10.

Others (8, 9, 10, 11)

have extracted and purified the pigment from bacteria
but their findings have not been applied to the role of
the pigment in bacterial interactions.
B.

PIGi"lEWL'.ED BAC'I'ERIA IN SEWAGE rrREAT1"1£NT

Studies in biological sewage treatment operation
(2, 12, 13) have shown that these bacterial populations
do fluctuate, however, no conclusions were drawn concerning
the role of pigments in these predominance changes.
1.

Activated Sludge
Cassell et al. (2, 12) used continuous flow activated
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sludge units without sludge return or sedimentation to
test whether or not mixed microbial populations behave
as continuous pure cultures and reach or approach a steady
state of' population dynamics.

Detention ·times in the

units were 4.5, 6.0, 11.'/, 35-9, and 76.5 hours with the
units beint_; run from 40 to 101 days.

'rhe units were

initially started with settled sewage and fed a skim milk
solution.

To simulate the continuous inoculation of

organisms such as in a treatment plant, 100 ml of settled
sewage was added to the units each day.
All units exhibited color from bacterial products
retained within the cells, however, these pisments were
extractible with isopropyl alcohol.

Four colors were

observed with yellow and red beinG the most common,
however, a blue or a faint yellowish-green pigmented
organism did predominate at times.

It was noted that

whenever a change in pigmentation occurred that a change
in predominance occurred.

However, no studies were

performed to find out if the pigment was the causative
agent of the predominance snift.
In the conclusions to the study (2) they stated that
since parameters of biolosical activity at constant
detention times continuously fluctuated, mixed cultures
must be considered as dynamic systems.

These fluctuations

were random and no relationship could explain all of them.
but detention time was found to aid in the population
selection.

Pigment production was one parameter and it

b

varied randomly.
2.

Lagoons
Jones (13) studied biological means for odor control

in lagoons which received canning wastes.

During the

early part of the canning season in Minnesota, lagoon
odors were observed to become quite noticeable, nowever,
toward the end of the season a non-sulfur purple bacteria
became predominant naturally with a concomitant reduction
of odor.

In a three year study he attempted to cultivate

this bacteria early in the season and thereby lesson the
odor problem.

These pigmented bacteria predominated in

such numbers as to constitute an almost pure culture
resulting in the lagoon having a red color.
The first experiments were with laboratory lagoons
being fed a corn waste.

Afcer eight days the lagoon

inoculated with the bacteria had no offensive odor and
the pH ranged from 7.7 to 7.9 during the experiment.

With

the reduction in odor the BOD of the effluent increased,
indicating that the treatment efficiency had decreased.
Another run using a simulated pea waste obtained the
same results.
After the laboratory work indicuted that this bacteria
could be responsible for odor reduction, a field study
was employed over the following three summer canning
seasons.

Population adjustments were attempted by

inoculation, addition of nutrient material (sodium acetate),
and control of algae (nigrosine dye).

Two adjacent lagoons

7
were used with one being inoculated and the other being
a control.

In the first summer season one lagoon was

inoculated with the bacteria early in the season, but a
prolific browth was not observed until late in the season
and in both lagoons.

In the next two seasons no significant

growth of the selected species of bacteria was obtained •
.After these three rllns no true evaluation of bacterial
reduction of odors under field conditions could be made.
C.

SUI"JMARY

The pigmented bacteria are an important group and may
exhibit unusual properties such as variation in pigmentation for a single species and predomination shifts within
heterogeneous populations.

In laboratory work the pigment

has been found to Vdry with the environmental conditions
and substrate when the bacteria are srown in pure cultures.
When grown under fixed conditions the pigment has been
used to indicate a species predominance shift and in one
instance a pigmented svecies of bacteria has reduced odors.
However, in the one study to attempt to create a microbial
population shift for odor control under field conditions
no satisfactory results were obtained.

8

lii.

NODE OF 8TUDY

T'he :followinc techniques and determinations ·,vere
used throughout this research in s-tudying the bacteria
and their growth.
1.

Chemical Oxysen Derr:and
'I'he standard COD test as described in "Standard

f/lethods" ("l4) with silver sulfate was used.

2.

Total OrGanic Carbon
The Total Organic Carbon (TOG) t,;st w:.cs run usine:;

0.02 ml samples that had been acidified with concentrated
HCl and stripped of

co 2

by bubbling with nitrogen for

5 minutes (Laboratory Carbonaceous Analyzer, Cat. No.
13?879, Beckman Instruments, Inc.)
3.

pH
All pH determinations were made electrollietricallj

(J!'isher Accumet nodel 210 or Beckman :6eromatic).
4.

Biological Dolids
O~tical

density at 540

mp

was used as an indirect

measure of biological solids on a

spectro~hotometer

(Bausch and Lomb Spectronic 20).

5.

Sterile Techniques
All media and glassware were sterilized either bj

autoclaving at 121°0, 16 psi pressure for 15 minutes
or by hot air oven for at least two hours at 170°0.
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6.

Colony Enumeration Plates
The medium to be used was suspended in distilled

water, distributed in 15 ml portions in test tub-s,
capped, and autoclaved.

After autoclaving the media was

usceptically dispensed into sterile 100 x 15 mm Petri
dishes.

The media was allowed to solidify before being

inverted and stored at room temperature for 48 hours
prior to use.

A surface plating technique was employed

and this time permitted the medium surface to dry slightly
thereby allowing the inoculum to be more readily absorbed
and provide for better fixation of the bacteria.

7.

Spread

~late

Technique

A surface plating technique (spread plate technique)
was employed for plate inoculation to aid in identification and isolation of sewase bacteria.

After making

the proper dilution, 0.1 ml was pipeted onto the medium
surface.

A bent glass rod that had been sterilized by

being dipped in isopropyl alcohol and flamed and then
cooled was used to spread the inoculum evenly over the
plate.

After the inoculum had been absorbed into the

medium, the plate was inverted and incubated at room
temperature (about 26°C).
8.

Shaken Flask Growth Studies
For growth studies in a liquid media, 250 ml and

500 ml Erlenmeyer flasks and shaker (Burrell Wrist-Action
Shaker) were employed.

The liquid media (diluted 10X

tryptone glucose extract broth) was dispensed to the
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flasks in 50 ml or 100 ml portions, respectively, plugged
with cotton, capped with aluminum foil and autoclaved.
rl'tle sterile media was then inoculo.ted with the culture
or mixture of cultures to be studied and shaken for one
to seven days.

The shaker was set to give adequate

mixing (setting 4 of 10 or about 2LJ-O oscillations per
minute).
was

Acclimation of cultures used in each study

~erformed

in this manner by making daily culture

transfers to fresh media for at least two days prior to
the growth study.
B.

GRO,,Jrrn f'1EDIA
Nutrient agar, nutrient agar + glucose, tryptone

glucose extract agar and tryptone glucose extract broth
were used for colony cultivation and enumeration at
various scac;es of this research.

1.

Nutrient Agar
A suspension of 23 g/l of dehydrated nutrient acar

(Fisher Biocert) with an additional 5 g/1 of bacto-agar
(Difco) was used to lrepare plates and slants for
bacterial growth.
2.

Nutrient Agar + Glucose
rro the above sus:pension of nutrient at,ar 0.2 c/1

of reagent grade glucose was added to enhance pigment
production and growth of the bacteria.

Plates and a few

slants were prepared.

3.

Tryptone Glucose Extract Agar
A suspension of 24 g/l of dehydrated bacto-tryptone
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glucose extract agar (Fisher Biocert) and 5 g/1
bacto-agar (Difco) was used to prepare plates and slants
for bacterial growth.
4.

Tryptone Glucose Extract Broth
A liquid growth media consisting of the following

ingredients suspended in a liter of' distilled water was
prepared for the culturing of bacteria.

The pH of the

suspension was adjusted to 7.0 with 0.1 N HCl or NaOH
as required.

The COD of this i'ull strength broth was

about 9700 mg/1 with dilutions being made as noted for
growth studies.
Bacto-Beef Extract (Difco) • • 3g
Bacto-Tryptone (Difco) • • • • 5g
Glucose, Reagent Grade •
C.

• 1g

EXPERIMENTAL PROCEDURE
This research project naturally divided itself into

two phases.

The i'irst phase dealt with sewage sampling

and the selection of media and organisms, while the
second dealt with growth characteristics and interactions
of the
1.

bac~eria

selected.

Sewage Sampling
Sewage samples were collected from the Love Creek

tricking filter plant of the City of Rolla, Missouri,
at random times of day and week.

The samples were taken

from the dosing siphon in a sterile sample bottle to
which sodium thiosulfate had been added.

The temperature

of the sewage as well as the hour and day were recorded.
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The sample was promptly taken to the laboratory where
the pH was recorded and dilutions were
made for plating.

asce~tically

A 10-4 dilution was found to be

satisfactory in most instances to give a suitable number
and variety of distinguishable colony types.
A

spread plate technique as previously described

was used to inoculate the plates.

They were incubated

at both room temperature (about 26°C) and at 35°C.
Duplicate plates were always prepared for each of the
three different types of agar media.
At 48 + 2 hours a total colony count was performed
using a Quebec colony counter.

The plates were examined

daily for up to a week for evidences of bacterial
pigmentation.

Bacteria that appeared to exhibit a

soluble pigment were transferred to sterile fresh agar
base medium and incubated.

The selected pigment produc-

ing bacteria were grown on media other than the one
from which it was isolated to observe if its pigmentation
varied with the change in substrate.
Bacteria that could be used for this study were
inoculated on slants, allowed to grow and then stored
at 5°C.
2.

Growth of Cultures
From the cultures isolated in phase one, three were

selected for further study and redesignated A, B, and C.
Each culture had a characteristic morphology which
enabled it to be easily distinguised.
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Culture A -Colonies purple, large, irregular edge,
thin, rough surface (volcanic shape),
opaque; Gram negative rods, single cells,
motile; Cells centrifuged out cream to
purple, supernatant is purple.
Culture B - Colonies milky to cream colored, medium
to large, slightly irree;ular edge,
slightly convex (contact lens shape),
smooth surface, opaque; Gram negative
cocci or very short rods, single cells
or pairs, non-motile; Cells centrifuge
out cream, supernatant can be a faint
yellow color.
Culture C - Colonies beige to reddish-orange, medium
size, slightly irregular edge, raised
center, smooth surface, opaque; Gram
negative cocci, single cells or pairs,
non-motile; Cells centrifuges out white
to reddish color; supernatant is reddish.
Among the media used

~or

colony enumeration tryptone

glucose extract agar yielded higher bacterial populations,
therefore, tryptone glucose extract broth was selected
to serve as the liquid growth media.
To study the growth of the bacteria in pure and
mixed cultures, a 50 ml portion of the sterile broth was
inoculated with one of the stock cultures.

These

cultures were then shaken for 24 hours and a 2 ml portion
of mixed liquor was transferred to a second 50 ml portion
of sterile broth.

Two, three or more of these transfers

were made for acclimation purposes and sample inoculum
were plated to check the culture purity at each transfer.
These acclimated cultures were then used as inoculum for
the growth studies.

Duplicate cultures were grown in

this manner for each growth study.
Three 250 ml

~lasks

with 50 ml of sterile dilute
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broth were used for growth studies.

Two flasks were

inoculated with 24 hour pure cultures and the third with
a mixture of the two cultures.

Equal populations were

used to start each culture in their pure and combined
flasks.

These populations were obtained by centrifuging

a specific volume of a 24 hour pure culture for 15
minutes at 2400 rpm.

The liquid was decanted and 5 ml

of distilled water were used to wash the cells into
the growth flask, giving a total volume of 55 ml in the
flask.
The flasks were allowed to shake for 10 minutes to
provide a uniform dispersion of the inoculum before
initial plates were made and optical densities (O.D.)
were measured.

These determinations were continued

hourly until maximum values of optical density were
obtained.

One additional O.D. readin6 and plating was

performed at 24 hours total elapsed time to ascertain
if any changes had continued to occur.

Duplicate platings

with a 10-4 , 10-5, or 10-6 dilution were made depending
on the bacterial populations as evidenced by the optical
density.
After 24 hours the flasks were removed from the
shaker, a final pH of the mixed liquor was taken and the
sample was centrifuged.

A description of the cells and

supernatant as to color was noted and a final COD on the
supernatant was determined.
To study the effects of the pigment from one species
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upon the growth of another bacterial species, the
pigment producer was shaken in the full strength broth
until the liquid was highly colored, usually 2 to 5 days.
Pigment production was usually enhanced if 2 ml transfers
were made every day for 3 or 4 days to fresh medium.
After the heavy growth and pigmentation had occurred,
the sample was taken and centrifuged for at least 30
minutes at 2400 rpm.

The supernatant was stored until

needed at 5°0 and its COD was measured.
To begin a study of pigment's effect on the growth
of other species, equal populations of the bacteria to
be studied were distributed volumetrically, in three
flasks containing 50 ml of dilute media.

To the first

flask 10 ml of distilled water were added; to the second

5 ml of distilled water and 5 ml of the pigment; and to
the third 10 ml of the pigment.

The growth response

of the bacteria was checked by use of optical density
and plate counts.

At the end of the test the pH and COD

of the centrifugate were measured.
In growth studies where periodic samples were taken
for COD and TOO experiments, 500 ml flasks with 100 ml
of media were used.

The inoculum size was adjusted

accordingly for the increased volume.
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IV.
A.

HESULTS

SEWAGE SAMPLING
The sewage samples were obtained

sedimentation
~or

the City

~rom
o~

the Love Creek trickling

Rolla, Missouri.

sampling schedule

~allowing

~s

primary

~ilter

plant

As shown below a varied

to hour and day was executed.

Virtually no difference in pH (about 7.0) and very little
change in temperature (13-16°C) was observed (Table I).
TABLE I - SEWAGE SAl"lPLING DATA
Sample

Date

Day

Hour

Temp

pH

1

3/25/71

Thur

1515

14°C

7.1

2

3/30/71

Tu

1430

16°0

7.1

3

4/5/71

Mon

1000

14°C

7.0

4

4/7/71

Wed

0930

13°C

7.0

5

4/8/71

Thur

1100

14°0

7.0

6

l+/9/71

Fri

1030

14°0

7.0

A 0.1 ml sample of 10-4 dilution was plated to yield
about 30-50 colonies per plate.

Duplicate or more plates

of each media were prepared by the spread plate technique.
Figure 1 is a comparison of the bacterial population as
obtained on each of the three media at two different
incubation temperatures.

With one notable exception it

is evident that tryptone glucose extract (TGE) agar
plates incubated at room temperature (about 26°0) gave
the highest counts.

This exception is one of two

where incubation at 35°0 resulted in higher colony counts.

Incub<..:.tion
'J1emp °C

70

'l:GE Agar

Nutrient Agar
Nutrient Agar
+ Glucose

2b

37

0
0

•
•

~

A

60

50
.........._

.:::t
I

0

'\
.___,

...;

40

s

...........
rJl

(J)

·r-1
,....
,.._.
0

...;
0
0

30

20

10

0 ~--~----L-----L-----~----~----~--_J
6
3
4
5
Sample No.

ii'igure 1.

Bacterial Population Density
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However, this case was the only one in which the 35°0
incubation cave a higher count than all of the plates
maintained at room temperature.

In general, the elevated

temperatures tended to give lower total colony counts.
'l'he addition of glucose to nutrient agar did not
increase the total colony count at either temperature.
A.f-ter obtaining a pure culture of a pigment producing
bacteria through a series of platings, it was grown on
the other two agar media to observe whether or not a
change in substrate would alter the color of the pigment.
No di.f.ferences in color were noted in regard to the
three bacteria selected for study, however, pigmentation
was noted approximately 12 hours earlier on tryptone
glucose extract agar than on the other two media.
B.

BAC:_L.c::f{IAL GHQi;JTH AND IN'_L'EhACTIONS

1.

Pure Cultures
The exponential growth rates (p) as shown in Table II

for the three selected cultures were determined directly
by plate counts of colonies (P.O.) and indirectly by
optical density (O.D.) at 540 rnp.

The p value was

determined by measuring the time, t, in hours for the
po~ulation

growth parameter (P.C. or O.D.) to double

and using the following equation.

p

=

ln 2
t

These results indicate that a

p

value obtained .from

O.D. data may tend to be higher than one t;iven by P.C.
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TABLE II -

GROWTH RA;l'ES,

Organism

.B,lask Size

TGE

Cone

mg/1

A

p. ( HH - 1 ), O.F' CUL'rUr<.EG A, B, AND C

250 ml
Growth Rate

Growth Rate

O.D.

P.C.

O.D.

P.C.

780

0.26

0.26

780

0.48

0.22
0.38

0.23

1050

0.27

0.22

820

0.23

nil

0.53

0.53

820
B

c

500 ml

500

0.24

0.28

930

0.18

nil

770

0.18

0.10

780

0.22

nil

500

0.20

0.24

930

0.22

0.28

820
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data.

In seven of the twelve studies the growth rate

by O.D. was greater than the

~.C.

one.

The 500 ml flasks

appeared to be better mixed at the same shaker rate
(240 oscillations/minute) than the smaller ones and tended
to give hie:;her growth rates.
Figures 2, 3, and 4 show typical growth curves
obtained by optical density measurements and plate counts
for pure cultures A, B, and C, respectively when grown in
tryptone glucose extract broth.

The optical density and

plate count data for each organism were taken from the
same run.

The plate count data for organism "B 11 showed

virtually no growth while the optical density increased.
An examination of organism B on eosin-methylene-blue agar
indicated that it possessed coliform characteristics.
One explanation for the increase in optical density
without concomitant population increase might be the
occurance of an extended lag growth phase, i.e., while
the number of ore:;anisms increased very slowly the size
of the ones present increased and obstructed the passage
of light.
The first of two observations that will receive
further comment is the 24 hour COD reduction by these
pure cultures amounted to about 50% of the initial COD.
The second is culture A and C tended to increase the pH
from

7 to about 8 while with B alone the pH was about

neutral after 24 hours.

Although the pH of the media was

adjusted to 7.0 with 0.1 N NaOH or HCl prior to
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autoclaving, the pH after sterilization varied rrom 6.9
to 7.1.
2.

Mixed Cultures
As can be noted in Table III lower

r

values generally

resulted by use of the direct method of plate counting as
opposed to the indirect method of optical density.
For the first trial (AB1) equal volumes (3 ml) of
cultures A and B were centrifuged co obtain the initial
populations for the growth study in 50 ml of media.

In

the second run (AB2) 2 ml of culture A and 3 ml of culture
B were used in 50 ml of media.

As can be observed in

Figure 5 both populations of mixture AB reached the same
maximum optical density in about the same time period,
giving an increased growth rate for the second study.
The studies for mixed cultures AC and ABC used 3 rnl
of A, 5 ml of B and 5 ml of 0 in 100 ml of media, as
applicable, with

sterile dilution water used to bring the

volume to 120 ml.

The growth rates of the three mixtures

that started with the same initial population of A were
about the same regurdless of what other populations were
with it.

Mixtures AC and ABC reached the same maximum

optical density indicating that B apparently had little
effect on mixture.

Total plate counts for mixtures AC

and ABC as shown in Figures 6 and

7 show that the

bacterial density reaches a maximum, but when the
differences in colonies are shown B definitely has an
effect.

It can be observed that B suppresses the growth
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TABLE III -GROWTH RATES, ~ (HR- 1 ), OF MIXED CULTURES
Mixture

TGE
Cone
mg/1

Flask Size
250 ml

500 ml

Growth Rate

Growth Rate

O.D.

P.C.

O.D.

P.C.

BC1

500

0.17

0.12

BC2

930

0.19

nil

AB1

780

0.28

0.30

AB2

780

0.41

0.24

AC

820

0.46

0.46

ABC

820

0.43

0.36

Sewage

820

0.33

-
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of

c,

but the overall growth is unaffected.

As shown in

Table IV the growth rate of these cultures increased
when they were grown in mixed cultures.
TABLE IV - l\UXED POPULA'TION GROi'JTH IN 500 ML FLASKS
WITH TGE CONC OF 820 MG/L
Organism

Growth Rate (P.C.)

A pure

0.23

A w/C

0.41

A w/BC

0.43

B pure

nil

B w/AC

0.27

c
c
c

pure

0.53

w/A

0.58

w/AB

0.32

Organisms A, B, and C had been acclimated on TGE
broth for several days prior to any growth studies.

The

run to obtain a bacterial growth rate for sewage was
performed by centrifuging 10 ml of settled sewaGe for
20 minutes at 2400 rpm, decanting the supernatant and
washing the cells into 100 ml of sterile broth with 20 ml
of sterile dilution water.

No acclimation period for the

sewage was attempted and a lag period of about 4 hours
was noted (Figure 5).

Optical densities less than 0.1

are difficult to read accuratly so consequently a slight
increase in growth is shown.
As noted earlier the pH at the end of 24 hours for
cultures A and C tended to increase from approximately 7.0

30

to greater than 7.5.

The growth of heterogeneous sewage

organisms increased the pH from 7.0 to 7.7 during the 24
hours as did mixture ABC.

Mixture AB and AC increased

the pH to about 8.0 and 7.8, respectively.
C.

ORGANISM B WITH C SUPERNATANT
Organism B was grown in the presence of the super-

natant and filtrate of organism C.

In the first attempt

a five day old pure culture of C was centrifuged for 20
minutes at 2400 rpm.

The centrifuged cells appeared to

be a white or cream color with the supernatant beinG a
rust or reddish-brown color.
50 rnl of TGE broth were used.

Three flasks containing
Three ml of cells from B

were added to all flasks; in addition to 5 ml (B5) and
10 rnl (B10) of supernatant from C being added to two of
the flasks.

All flasks had a liquid volume of 60 ml at

the start of the run.

Dilution water was used to bring

the flasks to volume.
As shown in Figure 8, the expected optical density
increase and plateau followed by a secondary increase
indicate that possible sequential substrate removal
occurred.

However, the plate count data as shown in

Figures 9, 10, 11 do not demonstrate sequential
growth.
In the second trial a sample of the supernatant was
filtered through a 0.45

p

filter.

This filtrate was then

used as a supplement to the TGE broth for growth studies.
The supernatant filtered slowly and a noticeable orange
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residue was present on the filters.

To discover if this

material would support Growth the two filters plus a clean
filter were inoculated with culture B.

The clean filter

plus one of the two filters used for the supernatant were
placed on pads soaked in TGE broth while the third was
placed on a filter pad soaked in distilled water.

The

unused filter developed numerous colonies, while the used
filter on the TGE broth had about 1/10 of the former's
growth and no growth was observed on the filter soaked
in distilled water.

No attempt was made to sterilize the

filters prior to inoculation, but cleanliness in work
habits was observed.
In Figure 12, the growth by optical density is shown.
No sequential growth was noted.

In this run 6 ml of B

cells were used with 10 or 15 ml of filtrate from C added
to 100 ml of media and the mixture diluted with water as
necessary for a total volume of 115 ml.
Shown in Table V are the growth rates for the two
trials with B5 being the B cells plus 5 ml of centrifuged
supernatant, B10 being B cells plus 10 ml of C supernatant,
BF10 being B cells

~lus

10 ml of C filtrate and BF15 being

B cells plus 15 ml of C filtrate.

In trial 1 250 ml

flasks with 50 ml of TGE broth concentration of '770 mg/1
were used.

The supernatant increased the concentration

to 1100 mg/1 and 1400 mg/1 for B5 and B10, respectively.
Trial 2 utilized 500 ml flasks with a TGE concentration
of 1050 mg/1.

A filtrate was used that increased the
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initial concentration of BF10 to 1300 mg/1 and BF15 to
1900 mg/1.
TABLE V - GROWTH OF CUL'I'UHE B 1rv'ITH C SU.PEHNA'I'ANT
Trial

1

2

Sample

Growth

Rate

O.D.

.P.C.

B

0.18

0.10

B5

0.20

0.10

B10

0.17

0.14

B

0.27

0.22

BF10

0.36

-

BF15

0.28

-

The two different sets of growth conditions could cause
the different growth rates.

However, within a single

trial growth of B appears to be enhanced when the supernatant or filtrate of C is present in small

quantities~

but large quantities may tend to suppress growth.

D.

COD AND TOO REDUCTION
In two of the runs with 500 ml flasks, periodic

samples were taken to obtain COD and TOC reduction values.
Sampling times were determined by observing optical
density values to get points at the start and finish of
the log growth

~hase

COD and TOG removals.

as well as others to document the
The samples were filtered (0.45

p filter) prior to the determination of pH, COD, or TOC.
Figure 13 illustrates the COD removal from the
second run where the filtrate of C was used as a medium
supplement for growth of B.

Sequential secondary
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39
substrate removal was not apparent, but greater ov8rall
COD removals than occurred for the pure medium indicate
that part of the filtrate was used.

More than 50% of the

COD was removed within the first four hours which is the
same time period that the optical density readings show
the bacteria are in a log growth phase.

In Figure 14

the COD reduction occurred with the accompanying
logarithmic increase in optical density.
Figures 15 and 16 are the TOC reduction curves for
Figures 13 and 14, respectively.

It can be noted that

TOC and COD reduction follow the same general pattern for
a given culture, for a known mixture of cultures or for
a heterogeneous population.

Figures

17 and

18 are plots

of COD vs TOC to establish a relationship between the
two methods.

Both plots yielded a COD/TOC ratio of 3.2/1.0.

Also, included on Figures 15 and 16 are plots showing
the pH changes throughout a run.

On Figure 16 the plot

of pH for mixture ABC is omitted since it followed the
curve for A and AC and ending up with a final pH of

7.7.

It may be observed that at the end of 24 hours all of the
samples had a net pH increase even though some decreased
at the first.
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V.
A.

DISCUSSION

SEWAGE SAU:l'LING
During this phase of the research nutrient agar (NA),

nutrient agar plus 1% glucose (NAG), and tryptone glucose
extract agar (TGE) were used for plate counts.

The

plates were incubated at room temperature (approx. 26°C)
and 35°C.

TGE was found to give the highest counts

through use of the spread plate technique and incubation
at room temperature.

However, NA and NAG could serve

satisfactorily as growth media.

Modesitt (15) found that

NA plates at room temperature were satisfactory for
colony enumeration and differentiation of sewage bacteria.
However, TGE is generally recommended as standard plate
count medium by

11

Standard f'1lethods"

(1L~).

The difference

in growth between the different media could be in the
technique, since

11

Standard Nethods 11 utilizes a pour

plate while Modesitt and this study utilized a surface
plating.
Higher colony counts at room tempera0ure or cooler
are documented in the literature (15, 16).

One report

(16) stated that temperatures above 25°C are inhibitory
to some bacteria isolated from activated sludge.

Since

the highest colony counts were obtained on TGE and at
room temperature, a tryptone glucose extract broth (TGEB)
incubated at room temperature was used for Growth studies
in a liquid media.
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Two of the three bacteria selected for this study were
chosen for their pigment producing qualities.

The third

was selected since it was very common to the sampled
sewage.

All three of the colonies were readily

distinguishable from each other at early growth stages.
Very little growth was observed on the walls of the
shaken flasks, even though B and C did foam at times.
This wall growth was barely noticeable after the flask
had been on the shaker for 5 to 7 days.
B.

BAC'rERIAL GROWTH AND INTERACTIONS

1.

Pure Cultures
It was found that

a~

value,obtained from optical

density data may be higher than one calculated from plate
count data.

This is in contrast to other researchers

(15, 17) who found good correlation.

Pelczar and Reid

(18; p. 102) state that there are limitations to the
optical density determination, but that usually a correlation can be developed between this indirect method and a
more direct one, i.e., plate counts.

Since no lag phase

was noticed following cell transfer to fresh medium when
measured by optical density and the growth appeared to
start in log growth the mass of individual cells could
have been increasing with no appreciable increase in
population.

This explanation is highly possible since

the plate counts indicate that the organism was in log
growth over the same period as shown by optical density.

47
This little observed phenomena would allow the optical
density growth rate to appear to be greater than that
calculated from plate count data.
The change in pH and COD will be discussed later.
2.

Mixed Cultures
As found in studies with pure cultures, optical

density data for mixed cultures also gave greater growth
rates than plate counts, probably for the same reasons.
The slight increase in optical density for the sewage
during the four hours of lag was probably due to the
cells increasing in size, since they had been in a
minimal substrate and probably had depleted food supplies.
In mixed culture studies attempts were made to
obtain equal initial populations of each organism.

In

the studies using culture A, greater initial populations
were observed than when only cultures B or C were studied.
Even when the volume of liquid taken and centrifuged for
A cells was decreased by 1/3 an appreciable reduction in
viable count was not noted.

In other runs utilizing

B or C, it was noted that the same volume of liquid had
different numbers of cells.

These cells were taken from

cultures maintained on TGEB for at least 3 days with a
COD of about 9700 mg/1.

When organisms A, B, and C were

grown on TGEB, two identically prepared flasks did not
produce similar population densities.

A possible

explanation is that better oxygen transfer was attained
through the cotton plug on the flask with the greater
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population.

McDaniel and Bailey (19) and Schultz (20)

concluded that cotton closures can prevent adequate
aeration and therefore inhibit growth.
A slight interference in optical density data due
to pigmentation was observed.

Filtrate was added to a

tube of distilled water with an eyedropper until the
color was barely noticeable to the naked eye.

This

misture when compared to a distilled water blank in a
spectophotometer at 540
from 100 to 97.

The

m~

dropped the

% transmittance

% transmittance was also affected

slightly by the filtrate even when it was present in
such small quantities that it was not discernable by tne
unaided eye.
tion in

For the purposes of this study this varia-

% transmittance

would not significantly affect

the results or conclusions drawn.
C.

ORGANISM B WITH C SUPERNATANT
In the first run when possible sequential growth was

observed by the optical density data but not by the plate
count data, interference caused by the pigment and the
increase in size of the cell could allow for some slight
differences in growth.

However, these preceding

possibilities may be of lesser significance than the
nutrients remaining in the supernatant in accounting for
the differences in growth.

No attempt was made to purify

the pigment and remove any remaining substrate.
colonies were allowed to grow for 4 to
being centrifuged and COD's run.

The

7 days before

From an initial COD
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of 9700 mg/1 the final COD was approximately 4000 mg/1
(3900-4200 mg/1) in all cases.

Of this remaining COD,

most was probably some intermedidte metabolic products
of organism C including the pigment with the remaining
being substrate not usable by C.

When this supernatant

was added to the media for growth studies, organism B
readily assimilated the fresh media and then preceded to
consume the substrate and intermediate products added
with the pigment.

The media with B and the supernatant

was a reddish or rust color at the beginning of the run
with no appreciable change in the color for the completion
of the run at 24 hours.

A higher turbidity could be

observed in the flask with 5 ml of supernatant while the
more intense color in the flask with 10 ml of supernatant
caused the optical densities to be similar.

This indicated

that relatively large quantities of supernatant from one
species growth could inhibit or restrict growth of another
bacteria.

As stated in the results the material retained

on a 0.45 p filter would not support growth of organism
B and appeared to inhibit its growth.
In the second run using the filtrate of organism C
no sequential growth was observed.

The large initial

population of orsanism B probably accounted for this
growth pattern.

The physical increase in bacteria size

plus the competition between bacteria species could

account for this type of growth and the increase of
growth rate.
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D.

COD AND TOC REDUCTION
While the actual growth runs for a pure culture

showed a COD reduction from 20 to 50% after 24 hours a
mixed culture always resulted in a lower final COD.

In

some cases shown on Figure 14 the mixed cultures riroduced
a lesser initial COD reduction rate than the pure cultures,
however, they resulted in a greater total COD reduction •
..From graphs such as t11is it may be observed that mixed
populations will give better total COD reduction and waste
water treatment.

This phenomena is readily understandible

since it is very unlikely that one single type of bacteria
could utilize all of the different forms of substrate and
metabolic products present.
The COD/TOC ratio of 3.2/1.0
the literature.

a~rees

favorably with

In one study (21) the COD/TOC ratio was

found to be 3.3/1.0 with 95% confidence level for
Cleveland Easterly Plant wastewater.

Van Hall and Stenger

(22) in an extensive study with Midland, Saginaw, and
Lay City, Michigan, wastewater found the ratio to be
3-5~,

4.26, and 3.60/1.0, respectively.

Also their

report stated that the theoretical COD/TOC ratio should
be between 0.0 for

co 2 and 5-33 for CH 4 if no inorganic

reducing agents are present.

In studies such as this

one where a definite correlation can be established
between COD and TOC,

~he

use of the TOC test should be

considered where speed of analysis is desireable.
has several advantages over COD with the two most

TOC
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important being time and sample size.

A TOC determination

may take approximately 3 minutes to run (dependent upon
instrument equilibration and calibration time) and a
sam~le

of 0.02 rnl is all that is required.

With a batch

study such as this, more samples could have been taken
to enable a more accurate representation of the substrate
removal.
The increase in pH during a test run may b0 explained
by the fact th<i. t the media had very little buffering
capacity at pH 7.0 and the bacteria changed the media
composition to increase the pH.

However, Jones (13) in

his studies with a non-sulfur purple bacteria in lab
lagoons noted that the pH was between 7-7 and 7.9 £rom
the bth day until the end of the test.
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VI.

CONCLUSIONS

The following conclusions were based on the findings
of this study:
/1.

Pigment from one bacterial species in small
quantities may enhance growth of other species
of bacteria but larger quantities may inhibit
growth.

2.

The pigmented bacteria selected for this study
increased the pH of the liquid media from

7.0 to 7-7-8.0.
3.

Tryptone glucose extract broth and agar are
suitable media for growth of pigmented sewase
bacteria.

4.

The total organic carbon test (TOC) is a suitable replacement for the chemical oxygen demand
test (COD), if the equipment is available,
since TOC and COD can be directly correlated.
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VII.

1.

FURTHER h:EBEi-\.l{CH NEEDS

A study using a buffered system to control the pH
might determine if the pigment is a pH control
mechanism that allows a bacteria to gain predominance
over another one.

2.

Further studies might be performed at elevated pH's

(7.5-8.5) to discover if these bacteria used in
this study were modifying their environment for
their benei'i t.

3.

A study using a different media and the same
organisms might prove interesting.

4.

Identification of the bacteria used in this study.
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APPENDIX
TOC CALIBRATION CURVE

On the following page is the calibration curve used
to convert the percent of full scale deflection to mg/1
of carbon.

The gain on the infrared analyzer was set at

120 and acetic acid standards were used.
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